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Introduction {#sec001}
============

Unintended pregnancy is a major globe tragedy for millions of women representing significant direct and indirect costs to health care, no matter for individuals or society. The World Health Organization (WHO) estimates that approximately 40--60 million abortions were induced worldwide each year \[[@pone.0194870.ref001]\]. During the first and second trimester, medical or surgical abortion is one of the oldest, most commonly practiced and most controversial procedure performed worldwide.

Since its approval in France in 1988, the abortifacient Mifepristone (RU486) has proven to be a safe, effective, acceptable option for millions of women seeking abortion during the first several weeks of pregnancy \[[@pone.0194870.ref002]\]. Mifepristone also proved to be a safe and effective method for pregnancy termination during the second-trimester (mainly between the 13 and 20 weeks) with a combination of the synthetic prostaglandin E1 analog Misoprostol \[[@pone.0194870.ref003],[@pone.0194870.ref004]\]. Second-trimester medical abortions constitute 10--15% of all induced abortions worldwide \[[@pone.0194870.ref003]\]. Administration of Mifepristone followed by prostaglandin and misoprostol has been used successfully in the medical termination of pregnancy for over 27 years, and the method is registered in 50 countries \[[@pone.0194870.ref005]\]. Although it is well tolerated, there still remain a few adverse reactions and side effects, like abdominal pain, nausea, vomiting and diarrhea, and it may also cause complications of hemorrhage and sepsis.

Until now, the exact mechanism of action of Mifepristone is not well investigated and has to be fully elucidated, therefore the development of an animal model that captures the effects of Mifepristone-induced immunological changes during pregnancy may help to expand our understanding of the biological and cellular basis of the abortion process.

Previous data reported that RU486 significantly reduced the quantity and function of Treg cells in the fetal-maternal interface before the onset of induced abortion \[[@pone.0194870.ref006]\]. Li et al. demonstrated that RU486 blocked the Th2 and Treg predominance in pregnancy and promoted Th1 and Th17 skews in mice at the maternal--fetal interface, which contributes to the termination of pregnancy \[[@pone.0194870.ref007]\]. Similar findings show a high level of Th1 type cytokines (IFN-γ, IL-2) was found in RU486-induced abortion mice, while the Th2 type cytokine (IL-4, IL-10) levels were not influenced significantly \[[@pone.0194870.ref008]\]. Bogdan et al. showed that in decidual NK cells perforin co-localizes with PIBF in the granules, and that while in RU486-treated mice (0.8 mg/kg) PIBF positive NK cell counts decreased by approximately 50%, the ratio of perforin positive cells increased within the PIBF positive population \[[@pone.0194870.ref009]\].

Several previous research studies have established that Gal-9/Tim-3 pathway play an essential role in immunoregulation and induction of tolerance \[[@pone.0194870.ref010]--[@pone.0194870.ref013]\]. TIM-3 expression was verified in a variety of immune cells, including Th1, Th17, NK and NKT cells, Tregs, and also on antigen presenting immune cells \[[@pone.0194870.ref014]\]. TIM-3 molecule has been implicated in both activation and inhibition of immune response \[[@pone.0194870.ref015],[@pone.0194870.ref016]\]. It was presented that expression of TIM-3 on Th1 cells provides a key checkpoint that serves to dampen proinflammatory Th1-dependent T-cell response and may contribute to the maintenance of healthy pregnancy, but it's *in vivo* expression and function after Mifepristone treatment is still unknown \[[@pone.0194870.ref012]\].

Among the several identified receptors of Gal-9, TIM-3 has been studied most extensively. There are evidence that engagement of TIM-3 by its ligand Gal-9 leads to the apoptosis of Th1 and Th17 cells and induce T cell tolerance both in mice and humans \[[@pone.0194870.ref017]--[@pone.0194870.ref019]\]. Thus, engagement of TIM-3 by Gal-9 may function as a negative immune-regulator abrogating the Th1- and Th17-driven immune response and therefore modulate the Th1/Th2 cytokine balance. In this regard, it is supposed that Gal-9/TIM-3 interaction could play an important role in the regulation of maternal immune tolerance towards the fetus and may be a potent regulator of the innate and adaptive immune response. Since the influence of Mifepristone treatment on Gal-9/TIM-3 pathway is still unknown, exploring the relationship between Gal-9/TIM-3 pathway and Mifepristone-induced changes during pregnancy may provide a better understanding of the pathogenesis of immunological changes during immune-mediated abortions.

In the present study, we examined the alterations of the Gal-9/TIM-3 pathway that might play an important role in the immunological changes caused by Mifepristone treatment. The aim of our study was to characterize the Mifepristone-induced changes on the placental Gal-9 production and the immunological alterations at the materno-fetal interface and in the periphery by using a syngeneic pregnant mouse model.

Material and methods {#sec002}
====================

Animal model {#sec003}
------------

BALB/c mice were provided by the Experimental Central Animal Laboratory of the University of Pecs. Animal housing, care and application of experimental procedures were in accordance with institutional guidelines under approved protocols (No. BA02/ 2000-7/2015, University of Pecs). All animals were caged in a temperature- and light controlled environment with 12 hours light and 12 hours dark cycle, and received ad libitum water and food for maintenance. 2 month-old female mice were mated with fertile male mice overnight to establish pregnancy. Successful mating was confirmed by the presence of copulatory (vaginal) plug in the next morning and it was designated as the day 0.5 of pregnancy.

Mifepristone (RU486) treatment {#sec004}
------------------------------

29 pregnant mice were assigned to the Mifepristone-treated group and 30 non-treated pregnant mice were selected as controls. In our experimental model, Mifepristone was applied at a dosage of 0.8 mg/kg to trigger immunological changes with the minimal impairment of the decidua. RU486 (Sigma-Aldrich) was applied on gestational day (gd) 14.5 by a single intraperitoneal injection at the dosage of 0.8 mg/kg body weight, freshly dissolved in 200μl phosphate-buffered saline (PBS) before use. In the normal pregnancy control group, mice received an intraperitoneal injection of 200μl sterile PBS on day 14.5 of pregnancy. Mifepristone treated and control pregnant females were killed by cervical dislocation next morning (on the gd 15.5), their spleen and the uterine horns were removed aseptically and were processed as indicated below.

Immunohistochemistry {#sec005}
--------------------

Placental tissue was removed from uterine horns and fixed with 4% paraffin for more than 24hours. Next, the samples were embedded in paraffin and 4μm thick sections were prepared. After deparaffinization in xylol for 3x5 minutes, samples were rehydrated in degraded alcohol series (96%, 80%, 70%, 50%) for 3 minutes each. Then tissue sections were washed in distilled water (dH2O) and antigen retrieval was performed for 20 minutes in boiling 1x Target Retrieval Solution (TRS) (1:10; pH 6.0--6.2; Dako). Next, the samples were cooled down to RT, washed twice with dH~2~O and endogenous peroxidase was blocked for 15 minutes in 3%H~2~O~2~. Then samples were washed 3x5 minutes with 50mM Tris buffer saline (TBS) supplemented with 0.05% Tween pH7.4 (TBST) and pre-blocked with 3%BSA (Sigma-Aldrich) for 20 minutes. Following washing with TBST for 2x5 minutes slides were incubated with biotinylated goat anti-mouse Gal-9 antibody (1:10; R&D Systems) for 1 hour at RT. After washing three times in TBST, samples were incubated with Streptavidin-Biotinylated Horseradish Peroxidase Complex (1:100; GE Healthcare) for 30 minutes at RT. Following the washing procedure, the signal was detected with Liquid DAB+Substrate Chromogen System (Dako) for 5 to 30 minutes at RT. Hematoxylin counterstain was performed for 3 minutes at RT then slides were covered with mounting medium (Dako).

Isolation of mononuclear cells from the spleen {#sec006}
----------------------------------------------

Spleens were homogenized thoroughly with a syringe plunger, and single-cell suspensions were prepared using a 70μm nylon cell strainer (BD-Biosciences). Subsequently, cells were washed in PBS. The supernatant was aspirated and the pellet was resuspended in PBS and filtered again via 40μm nylon cell strainer (BD-Biosciences). Then, mononuclear cells were separated by Ficoll-Paque Premium 1.084 gradient (GE Healthcare). Isolated cells were collected and resuspended in RPMI1640 (Lonza) medium supplemented with penicillin (1x10^5^U⁄L, Lonza), streptomycin (0.05g⁄L, Lonza) and 10% fetal bovine serum (FBS)(Gibco).

Isolation of mononuclear cells from the decidua {#sec007}
-----------------------------------------------

Decidual mononuclear cells from the materno-fetal interface were isolated according to the method described previously \[[@pone.0194870.ref020]\]. Briefly, the endometrial tissue surrounding the conceptuses was pulled away from the uterine horns. Than the decidua was separated from the placenta disc under a dissecting microscope, sliced with scissors and digested with type IV collagenase (Sigma-Aldrich) in 37°C for 30 minutes. The suspensions were homogenized with a syringe plunger, and single-cell suspensions were prepared using a 70μm nylon cell strainer. Subsequently, cells were washed in RPMI1640 medium supplemented with penicillin, streptomycin and 10% FBS. The supernatant was aspirated, the pellet was resuspended in PBS and filtered via 40μm nylon cell strainer. Finally, the isolated cells were resuspended in RPMI1640 + 10% FBS.

Labeling of lymphocytes and flow cytometric analysis {#sec008}
----------------------------------------------------

For surface labeling isolated lymphocytes (10^6^cells/100μl PBS/tube) were incubated for 30 min at room temperature (RT) with the fluorochrome-labelled monoclonal antibodies indicated below. After washing with PBS cells were resuspended in 300μl PBS containing 1% paraformaldehyde and stored at 4°C in the dark until fluorescence-activated cell sorting (FACS) analysis. Before sample analysis, the setting of the flow cytometer was checked using Cytometer Setup and Tracking beads (CS&T beads, BD-Biosciences) according to the manufacturer's instructions. Compensation beads were used with single stains of each antibody in order to determine the compensation settings, and were applied in FACSDivaTM V6 software (BD-Biosciences) before data collection. Labeled cells were analyzed with FACSCantoII^TM^ flow cytometer by collecting 100,000 events in the lymphogate in the case of the spleen. In the case of decidua 10,000 events were collected in the lymphogate after CD45 staining. FACSDiva^TM^ V6 software was used for data acquisition and analysis.

Antibodies {#sec009}
----------

The following monoclonal antibodies were used during the assay: Brilliant violet (BV)510-conjugated anti-mouse CD3 (BD-Biosciences), BV510-conjugated anti-mouse γ/δTCR (BD-Biosciences) recognizing delta chain, fluorescein isothiocyanate (FITC)-conjugated anti-mouse CD4 (BD-Biosciences), FITC-conjugated anti-mouse CD107a (BD-Biosciences), FITC-conjugated anti-mouse CD49b (BD-Biosciences), phycoerythrin (PE)-conjugated anti-mouse TIM-3 (R&D Systems), PE-conjugated anti-mouse Gal-9 (Biolegend), PE-conjugated anti-mouse CD49b (BD-Biosciences), peridinin chlorophyll a protein (PerCP)-conjugated anti-mouse CD45 (Exbio), PE-Cy7-conjugated anti-mouse CD25 (BD-Biosciences), allophycocyanin (APC)-conjugated anti-mouse TIM-3 (R&D Systems), APC-conjugated anti-mouse FoxP3 (eBioscience) and APC-H7-conjugated anti-mouse CD8 (BD-Biosciences). Control antibodies included isotype-matched rat and hamster antibodies.

FoxP3 staining {#sec010}
--------------

Following surface labeling, intracellular staining of FoxP3 was performed using the FoxP3 Staining Buffer Set (eBioscience) in accordance with the manufacture's protocol. Briefly, isolated cells were permeabilized in 1ml fixation/permeabilization buffer (Concentrate/Diluent 1:4 eBioscience) for 1 hour at 4°C. Then the samples were washed twice in the buffer and stained with APC-conjugated anti-mouse FoxP3 monoclonal antibody for 1 hour at 4°C. FACS analysis was performed by FACSCantoII^TM^ flow cytometer with the BD FACSDiva^TM^ software for data acquisition and analysis.

Detection of CD107a expression {#sec011}
------------------------------

The CD107a assay was set up based on a publication by Alter et al. \[[@pone.0194870.ref021]\]. To determine CD107a expression by immune cells, mononuclear cells were incubated for 4h at 37°C with FITC-conjugated anti-mouse CD107a antibody in RPMI1640 containing 10% FBS, penicillin, streptomycin, ionomycin (Sigma-Aldrich) and phorbol myristate acetate (PMA) (Sigma-Aldrich). Next, the cells were washed with PBS and incubated with anti-CD3-BV510, anti-γ/δ-BV510, anti-CD49b-PE, anti-CD45-PerCP and anti-TIM-3-APC antibodies for 30 minutes at RT in the dark. Then the cells were washed in PBS, fixed with 1% paraformaldehyde (PFA) and evaluated by FACS.

Quantification of immunohistochemistry {#sec012}
--------------------------------------

The stained slides were evaluated by two independent researchers, who were blinded to treatment groups. Sections stained by immunohistochemistry were analyzed for the percentages of Gal-9 positive cells. During analysis, a total of 100 cells/slide were evaluated at 350× magnification.

Statistical analysis {#sec013}
--------------------

Statistical analysis was performed using statistical software SPSS version 20 package. Multiple comparisons were made using one-way ANOVA with Bonferroni correction. Differences were considered significant if the p value was equal to or less than 0.05.

Results {#sec014}
=======

Immunohistochemistry of pregnant mouse placentae from untreated control and RU486 treated pregnant mice {#sec015}
-------------------------------------------------------------------------------------------------------

Immunohistochemistry on isolated healthy pregnant mouse placentae with anti-Gal-9 antibody demonstrated a strong expression of Gal-9 (yellow arrow) at the spongiotrophoblast layer and in the cytoplasm of giant cells ([Fig 1A](#pone.0194870.g001){ref-type="fig"}). Histological sections represented a more intense staining by trophoblast giant cells compared to spongiotrophoblast layer ([Fig 1A](#pone.0194870.g001){ref-type="fig"}). Evaluation of the number of positively stained cells showed a significant decrease of Gal-9 positive cells in the placentae of RU486 treated pregnant mice compared to the placentae of healthy, non-treated pregnant mice ([Fig 1B](#pone.0194870.g001){ref-type="fig"}).

![Representative Gal-9 immunohistochemical staining of pregnant mouse placentae from untreated control and RU486 treated pregnant mice.\
IHC was performed on the placenta-sections of healthy control (Fig 1A) and RU486 treated (Fig 1B) mice. Yellow arrows indicate Gal-9 positive cells (magnification 350x). The lower circle graphs show the percentage of cytoplasmic Gal-9 positive cells (data are shown as mean). Differences were considered statistically significant for p-values ≤0.05. The images were captures utilizing the Pannoramic DESK scanner (3DHISTECH Ltd.) and analysis was performed by the Pannoramic viewer software (3DHISTECH Ltd.).](pone.0194870.g001){#pone.0194870.g001}

Immunophenotypic analysis of decidual and peripheral mononuclear cells from untreated control and RU486 treated pregnant mice {#sec016}
-----------------------------------------------------------------------------------------------------------------------------

In our study, we investigated the percentage of CD4+T, CD8+T, γ/δT, Treg, NK and NKT cells using the lymphocyte gate in the spleen (periphery) and in the decidua (locally) of untreated and RU486 treated pregnant mice.

RU486 treatment did not cause a statistically significant change in the phenotype distribution of immune cells both in the decidua and in the periphery when compared to untreated mice ([Table 1](#pone.0194870.t001){ref-type="table"}). Albeit previous literature data presented contradictory results about the impact of RU486 on the distribution of decidual NK cells \[[@pone.0194870.ref022]\]\[[@pone.0194870.ref023]\] our results were in accordance with the earlier human immunohistochemistry results by Milne et al. \[[@pone.0194870.ref024]\] who found that simultaneous administration of Mifepristone and the prostaglandin E analog did not affect the number of NK cells in the decidua.

10.1371/journal.pone.0194870.t001

###### Phenotype analysis of decidual and peripheral mononuclear cells from untreated control and RU486 treated pregnant mice.

![](pone.0194870.t001){#pone.0194870.t001g}

                     Periphery (n = 12)   Decidua (n = 12)                
  ------------------ -------------------- ------------------ ------------ ------------
  **CD4+ T cells**   35.90±2.06           40.70±1.85         10.00±1.50   8.36±1.30
  **CD8+ T cells**   13.61±0.89           13.43±0.88         4.85±0.72    3.46±0.92
  **Treg cells**     2.67±0.23            2.71±0.36          0.39±0.05    1.07±0.28
  γ/δ**T cells**     4.57±0.56            3.78±0.48          14.56±2,93   16.55±2.61
  **NKT cells**      1.76±0.16            1.80±0.26          14.38±1.34   17.77±4.00
  **NK cells**       12.36±0.51           11.14±0.85         28.16±1.37   24.77±1.18

Multiple comparisons were made using one-way ANOVA with Bonferroni correction. The results were expressed as the mean value±standard error of the mean (SEM). Differences were considered significant when the value of p was equal to or less than 0.05.

Cell surface Gal-9 expression by decidual and peripheral mononuclear cells isolated from untreated control and RU486 treated pregnant mice {#sec017}
------------------------------------------------------------------------------------------------------------------------------------------

Flow cytometry was used to analyze the cell surface expression of Gal-9 by NK, NKT, γ/δT, CD4+T and Treg cells at the materno-fetal interface as well as in the periphery.

In untreated pregnant mice Gal-9 expression by decidual Treg and CD4+T cells was significantly increased (Figs [2D](#pone.0194870.g002){ref-type="fig"} and [3A](#pone.0194870.g003){ref-type="fig"}), while decidual NK cells showed a significantly decreased Gal-9 expression compared to peripheral NK cells ([Fig 2A](#pone.0194870.g002){ref-type="fig"}). Gal-9 positivity of decidual NKT and γ/δ T cells showed no significant difference compared to their peripheral counterparts ([Fig 2B and 2C](#pone.0194870.g002){ref-type="fig"}). In RU486 treated mice Gal-9 expression was significantly increased by almost all investigated decidual subpopulations when compared to the periphery except NK cells (Figs [2A](#pone.0194870.g002){ref-type="fig"}, [2B](#pone.0194870.g002){ref-type="fig"}, [2C](#pone.0194870.g002){ref-type="fig"}, [2D](#pone.0194870.g002){ref-type="fig"} and [3A](#pone.0194870.g003){ref-type="fig"}). After RU486 administration Gal-9 expression by decidual Treg and CD4+T cells were significantly increased in comparison to the decidua of untreated control mice (Figs [2D](#pone.0194870.g002){ref-type="fig"} and [3A](#pone.0194870.g003){ref-type="fig"}), while its expression was significantly decreased in the periphery after RU486 treatment by NK cells compared to untreated mice ([Fig 2A](#pone.0194870.g002){ref-type="fig"}).

![Gal-9 expression by decidual and peripheral mononuclear cells from untreated control and RU486 treated pregnant mice.\
Box plot of the median, the 25th and 75th percentiles, range, and individual data values for the cell surface expression of Gal-9 by NK cells, NKT cells, γ/δT, CD4+ T cells in periphery and decidua of untreated and RU486 treated pregnant mice. The middle line within the box represents the median, the middle dot within the box represents the mean, the boxes indicate the interquartile ranges and the whiskers show the most extreme observations. Differences were considered statistically significant for p-values ≤0.05.](pone.0194870.g002){#pone.0194870.g002}

![Gal-9 expression by Tregs and the proportion of Gal-9+ Th cell population in decidua and periphery from untreated control and RU486 treated pregnant mice.\
Box plot of the median, the 25th and 75th percentiles, range, and individual data values for the cell surface expression of Gal-9 by Treg cells and the frequency of Gal-9 positive Th cells in decidua and periphery from untreated control and RU486 treated pregnant mice. The middle line within the box represents the median, the middle dot within the box represents the mean, the boxes indicate the interquartile ranges and the whiskers show the most extreme observations. Differences were considered statistically significant for p-values ≤0.05.](pone.0194870.g003){#pone.0194870.g003}

The proportion of Gal-9+ T-helper cell population in decidua and periphery of untreated control and RU486 treated pregnant mice {#sec018}
-------------------------------------------------------------------------------------------------------------------------------

It was published by Oomizu et al., that CD4+ T-helper (Th) lymphocytes expressing Gal-9 on their cell surface possess immunosuppressive potential by regulating the Th17/Treg balance \[[@pone.0194870.ref025]\]. In order to examine the impact of Mifepristone administration on the distribution of this T cell-subset, we investigated the percentage of Gal-9+ Th cells in the decidua and in the periphery from untreated control and RU486 treated pregnant mice. We observed a significant increase in the frequency of decidual Gal-9+ Th cells obtained from RU486 treated mice when compared to the periphery of treated mice or to the control untreated decidua ([Fig 3B](#pone.0194870.g003){ref-type="fig"}).

TIM-3 expression by decidual and peripheral mononuclear cells from untreated control and RU486 treated pregnant mice {#sec019}
--------------------------------------------------------------------------------------------------------------------

Next, we analyzed, how the expression of TIM-3 receptor is changed by NK, NKT, γ/δT and CD4+T cells at the materno-fetal interface as well as in the periphery of untreated control and Mifepristone treated pregnant mice.

We found that both in control and RU486 treated mice group TIM-3 expression by CD4+T cells was significantly increased in the decidua compared to the periphery ([Fig 4D](#pone.0194870.g004){ref-type="fig"}). Contrary, TIM-3 expression by decidual NKT cells of untreated mice was significantly decreased when compared to the periphery ([Fig 4B](#pone.0194870.g004){ref-type="fig"}).

![TIM-3 expression by decidual and peripheral mononuclear cells from untreated control and RU486 treated pregnant mice.\
Box plot of the median, the 25th and 75th percentiles, range, and individual data values for the expression of TIM-3 by NK cells, NKT cells, γ/δT and CD4 T cells in periphery and decidua in untreated and RU486 treated pregnant mice. The middle line within the box represents the median, the middle dot within the box represents the mean, the boxes indicate the interquartile ranges and the whiskers show the most extreme observations. Differences were considered statistically significant for p-values ≤0.05.](pone.0194870.g004){#pone.0194870.g004}

Following RU486 administration TIM-3 receptor expression by CD4+T cells was significantly increased at the materno-fetal interface compared to untreated mice ([Fig 4D](#pone.0194870.g004){ref-type="fig"}). In RU486 treated mice TIM-3 expression by NK cells was significantly increased in the decidua compared to the periphery ([Fig 4A](#pone.0194870.g004){ref-type="fig"}).

CD107a expression by NK, NKT and γ/δ T cells in the decidua and in the periphery from untreated control and RU486 treated pregnant mice {#sec020}
---------------------------------------------------------------------------------------------------------------------------------------

Investigating the expression of CD107a, which is known as a marker of cytotoxic potential by decidual immune cells obtained from the materno-fetal interface we found a significantly higher CD107a expression by decidual γ/δT cells compared to the periphery of untreated control mice ([Fig 5C](#pone.0194870.g005){ref-type="fig"}). In all other examined NK and T cell populations the CD107a positivity did not change.

![CD107a expression by different immune cell subsets and TIM-3 positive immune cell subsets in the periphery and in the decidua of untreated control and RU486 treated pregnant mice.\
Box plot of the median, the 25th and 75th percentiles, range, and individual data values for the he expression of CD107a by NK cells, NKT cells and γ/δT cells in the periphery and in the decidua of untreated control and RU486 treated pregnant mice (Fig 5A--5C). The expression of CD107a by TIM-3 positive NK cells, NKT cells and γ/δT cells in the periphery and in the decidua of untreated control and RU486 treated pregnant mice (Fig 5D--5F). The middle line within the box represents the median, the middle dot within the box represents the mean, the boxes indicate the interquartile ranges and the whiskers show the most extreme observations. Differences were considered statistically significant for p-values ≤0.05.](pone.0194870.g005){#pone.0194870.g005}

In RU486 treated mice only decidual γ/δT cells showed significantly higher cytotoxic potential than their peripheral counterparts ([Fig 5C](#pone.0194870.g005){ref-type="fig"}).

In addition, we analyzed the CD107a expression within the TIM-3+ lymphocyte subsets. In untreated pregnant mice our results demonstrated a significantly decreased CD107a expression by decidual TIM-3+ γ/δT cells together with a significant increase in CD107a expression by NKT cells compared to the periphery ([Fig 5F and 5E](#pone.0194870.g005){ref-type="fig"}). Furthermore, in RU486 treated mice TIM-3+ decidual NKT cells showed significantly higher while NK cells showed significantly lower cytotoxic potential than their peripheral counterparts ([Fig 5E and 5D](#pone.0194870.g005){ref-type="fig"}).

Discussion {#sec021}
==========

Accumulating evidence has demonstrated that subpopulations of NK and T cells play a central role in the establishment and maintenance of materno-fetal immunotolerance and alteration in their physiological distribution or function might be associated with pregnancy complications. The exact mechanism underlying the fine regulation of these cells during Mifepristone (RU486) treatment is still under investigation.

Mifepristone has high affinity both for progesterone and glucocorticoid receptors. A number of studies suggest that Mifepristone may be involved in modulation of materno-fetal immune response. *In vitro* human experiments demonstrated that RU486 significantly inhibits the proliferation of lymphocytes \[[@pone.0194870.ref026]\], increases the cytotoxicity of peripheral NK cells \[[@pone.0194870.ref027]\] and blocks the immunosuppressive effect of progesterone mediated by Progesterone Induced Blocking Factor (PIBF) \[[@pone.0194870.ref028]\]. In addition it was shown that at a dose of 0.3--2 mg/kg RU486 could terminate early pregnancy in mice with an abortion rate of 60--100% \[[@pone.0194870.ref029],[@pone.0194870.ref030]\] causing progesterone withdrawal, decreasing the number of PIBF expressing cells, enhancing the perforin expression of decidual NK cells and inducing increased peripheral NK activity \[[@pone.0194870.ref009],[@pone.0194870.ref031]\]. On the other hand, late administration of Mifepristone (on gd 14--19) is able to induce preterm labor in mice at a dose of 0.4--12.5 mg/kg with a pregnancy termination rate of 66--100%.

Recent publications show that Gal-9/TIM-3 interaction plays an important role in the regulation of maternal immune tolerance and may be a potent regulator of the innate and adaptive immune response \[[@pone.0194870.ref012]\]\[[@pone.0194870.ref020]\]\[[@pone.0194870.ref032]\]. Therefore we aimed to investigate the role of Gal-9/Tim-3 pathway after low dose Mifepristone treatment using BALB/c syngeneic mouse pregnancy model at a gd of 14.5. Previously it was found that Gal-9 is widely expressed in the female reproductive tract at the feto-maternal interface \[[@pone.0194870.ref012],[@pone.0194870.ref033]--[@pone.0194870.ref037]\] and by Treg or CD4+T (Th) cells \[[@pone.0194870.ref020]\]\[[@pone.0194870.ref038]\]. It was also confirmed that Gal-9+Th cells are veritable immunosuppressors, which play a vital role in the regulation of Th17/Treg balance by producing IL-10/TGF-β \[[@pone.0194870.ref025]\].

Our previous human experiments revealed that serum Gal-9 levels and cell-surface expression of Gal-9 by peripheral CD4+T cells were increased throughout pregnancy \[[@pone.0194870.ref012]\]. Here we demonstrated that a relatively high proportion of peripheral NK, NKT and γ/δ T cells also showed Gal-9 positivity. Although Gal-9 expression by peripheral Treg cells was almost negligible, significantly higher percentage of Gal-9 positivity by decidual Treg cells was found in the decidua. Furthermore, we found that the expression of Gal-9 by NK cells was significantly decreased in the normal pregnant decidua compared to the periphery. 0.8mg/kg RU486-treatment resulted in a nearly complete disappearance of Gal-9 from the junctional zone of the placenta. Furthermore, the treatment significantly decreased the Gal-9 positivity of peripheral NK cells but significantly increased its expression by decidual Treg and CD4+T cells. In addition, the proportion of decidual Gal-9+Th cells with known suppressive capacity was significantly increased after Mifepristone administration.

Our data indicate that even a low dose Mifepristone treatment was effective enough to abrogate Gal-9 production of the placenta. The observed, increased Gal-9 expression by decidual Treg and CD4+Th cells suggest that local immunosuppressive mechanisms are also triggered 24 hours after the treatment, possibly to sustain impaired placental function. In addition, we suppose, that the accumulation of the Gal-9 secreting Gal-9+Th cells might be also involved to partly compensate the decreased placental Gal-9 expression at the materno-fetal interface. These mechanisms might inhibit the pro-inflammatory cytokine production of Th1 and Th17 cell by a Gal-9/TIM-3 dependent fashion \[[@pone.0194870.ref013]\] and aid the maintenance of the whole embryo-placenta unit.

On the basis of the above-mentioned results we hypothesize that beside the trophoblast and decidual cells, Gal-9+Th and Treg cells could serve as an alternative source of the locally secreted Gal-9 at the materno-fetal interface. During physiological conditions, the high local Gal-9 level could aid the development and suppressive function of Treg and Gal-9+Th cells, which might be involved in the inhibition of Th17 cell differentiation, downregulate the local Th1/Th17 cytokine production and induce apoptosis of Th1 CD4+T and activated CD8+T cells in the decidua. Additionally---to a lower extent---cytotoxic effector cells could be also able to produce this lectin both at the periphery and locally. We suggest that the membrane bound or secreted Gal-9 can engage the TIM-3 receptor on the surface of the immune effector cells and therefore it might directly or indirectly affect the innate and adaptive arm of the immune system at the materno-fetal interface.

After low dose Mifepristone treatment, the placental expression of Gal-9 might be seriously impaired. Since local Gal-9 level could be important for placental development and for the regulation of the maternal anti-fetal immune response, the disruption of Gal-9- regulated tolerance mechanisms can contribute to pregnancy complications \[[@pone.0194870.ref039]\] and lead to pregnancy termination or preterm labor. Harmful effects caused by low dose Mifepristone treatment could be physiologically compensated via the upregulation of Gal-9 expression by decidual Treg and CD4+Th cells and by the local accumulation and/or differentiation of Gal-9 secreting Treg and Gal-9+ Th cells. We suggest that these compensatory mechanisms might sustain impaired placental function when only partial progesterone withdrawal is induced, but might become ineffective when higher dose of Mifepristone would be used. Administration of 2 mg/kg or higher dose of RU486 can cause complete blocking of progesterone receptors causing estrogen dominance, sensitizing the uterus to the activity of the prostaglandin, resulting in intrauterine fetal death or a definite premature labor at a late stage (gd 14--19) of murine pregnancy.

Beside the above-mentioned actions, it is well established, that during pregnancy RU486 can induce an immunological alteration in a Gal-9/TIM-3 independent way. The regulation of Th1/Th2/Th17/Treg paradigm is one of the most important mechanisms by which progesterone exerts its pregnancy-protective effect \[[@pone.0194870.ref040]\]. Progesterone induces a Th1 to Th2-type immunity skew by inducing the expression of PIBF and Th2-type cytokines and suppressing the production of Th1 cytokines \[[@pone.0194870.ref041]\]. As a receptor antagonist, Mifepristone can inhibit the pregnancy-protective immunological effects of progesterone in a TIM-3 independent way by inhibiting the proliferation of lymphocytes \[[@pone.0194870.ref026]\] and inducing the production of prostaglandins, cyclooxygenases and proinflammatory cytokines *in vitro*. These effects---together with the dysregulated Gal-9/TIM-3 pathway---might alter the local cytokine milieu from an immunosuppressive/angiogenic environment towards a proinflammatory condition. This can disturb the precise regulation of the Th1/Th2/Th17/Treg balance and induce the activation of local inflammatory and cytotoxic immune response leading to pregnancy loss \[[@pone.0194870.ref042]\]\[[@pone.0194870.ref043]\]\[[@pone.0194870.ref044]\].

The limitations of our study is that (1) we used only one dose of Mifepristone (0.8 mg/kg) instead of a several different doses from low to high, (2) we tested the in vivo effect of RU486 only on gestational day 14.5 but not earlier (3) and analysis was performed just 24h after treatment. Based on the literature higher doses of Mifepristone (e.g. \>2 mg/kg) would cause complete abortion after 48h as indicated in a paper by Lv et al.\[[@pone.0194870.ref030]\]. In our case these setting were not applicable since after complete abortion tissue destruction strongly limit to obtain enough decidual lymphocytes for flow cytometric analyses.
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###### Gating strategy to detect peripheral immune cell populations.

Shows the gating technique used to detect immune cell populations in the periphery.

(TIF)

###### 

Click here for additional data file.

###### Gating strategy to detect decidual immune cell populations.

Shows the gating technique used to detect decidual immune cell populations. CD45+ leukocytes were gated using SSC and FL-5 (PerCP) parameters. Endothelial cells which may fall inside the lymhogate were excluded by CD45 staining. Lymphogate was created based on physical characteristics typical of lymphoid cells using forward and side scatter parameters. All further analyses of decidual immune cells were performed on CD45+ cells only, by combining the lymphogate and CD45+ cell gate.

(TIF)

###### 

Click here for additional data file.

###### Representative histograms showing TIM-3, Galectin-9 and isotype control staining.

Representative histograms showing TIM-3, Galectin-9 and isotype control staining.

(TIF)

###### 

Click here for additional data file.

###### Representative dot plots showing TIM-3 staining by decidual and peripheral mononuclear cells from untreated control and RU486 treated pregnant mice.

Representative dot plots showing TIM-3 expression by NK cells, NKT cells, γ/δT and CD4 T cells in periphery and decidua of untreated and RU486 treated pregnant mice.

(TIF)

###### 

Click here for additional data file.

###### Representative dot plots showing Gal-9 staining by decidual and peripheral mononuclear cells from untreated control and RU486 treated pregnant mice.

Representative dot plots showing Gal-9 expression by NK cells, NKT cells, γ/δT and Treg cells in periphery and decidua of untreated and RU486 treated pregnant mice.

(TIF)

###### 

Click here for additional data file.
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